This (RR, 19.33; 95% CI, 11.41; 32.75; p Ͻ 0.001). We found a similar association between asthma ever (before or after index date) and the incidence of tympanostomy tube placement (RR, 1.53; 95% CI, p ϭ 0.095 
A sthma is the most common chronic disease of childhood in the United States. The 2007 National Health Interview Survey conducted by the National Center for Health Statistics reported historically high levels of asthma prevalence in 2007, estimating 6.7 million or 9.1% of children in the United States with current asthma. 1, 2 Other atopic conditions share a similar trend. Studies have reported a significant increase in the worldwide prevalence of atopic dermatitis. 3, 4 In the United States, the prevalence of atopic dermatitis is 10 -19%, [5] [6] [7] affecting nearly 17.8 -31.6 million people depending on the eczema diagnostic criteria. 5 Likewise, allergic rhinitis affects 26 -33% of the U.S. population, ϳ60 million Americans. [5] [6] [7] Despite a significant proportion of people affected by asthma and other atopic conditions in the United States, the impact of atopy on the risk of common microbial infections is still poorly understood. Two epidemiological studies recently showed that asthmatic patients have a significantly increased risk of invasive pneumococcal disease, 8, 9 and, now, adults with asthma are recommended to receive a single dose of 23-valent pneumococcal polysaccharide vaccine. 10 We recently reported that individuals with other atopic conditions such as atopic dermatitis and allergic rhinitis also have an increased risk of serious pneumococcal disease than those without such conditions. 11 Despite this significant association between these atopic conditions and an increased risk of serious pneumococcal disease, little is known about whether this is true for common upper respiratory infections such as otitis media caused predominately by Streptococcus pneumoniae. Otitis media is a common infection of childhood and is a leading reason for physician office visits and antibiotic prescriptions among preschoolers in the United States. [12] [13] [14] Frequent and persistent otitis media leads to insertion of tympanostomy tubes to prevent adverse outcomes related to frequent and persistent ear infections. [15] [16] [17] Currently, more than 1 million tympanostomy tube placement procedures are performed annually in North America. 18 Therefore, given a significant proportion of children affected by atopic conditions, assessing whether atopic conditions are a significant risk factor for recurrent or chronic otitis media has important clinical and public health implications.
In addressing this concern, previous studies that reported the association between otitis media and asthma have been limited. They were primarily crosssectional study designs and both exposure (atopic conditions) and outcomes (otitis media) were based on self-report. 19 -32 Furthermore, few cohort studies have been conducted to assess the relationship between atopic conditions and otitis media using reliable ascertainment criteria for asthma and tympanostomy tube placement as a marker for frequent and persistent otitis media. Thus, this study sought to investigate the relationship between tympanostomy tube placement and atopic conditions in children.
METHODS

Study Design and Setting
This was a retrospective cohort study conducted in Olmsted County, MN. During the study period, characteristics of the Olmsted County population were similar to those of the U.S. white population with the exception of a higher proportion of the working population employed in the health care industry. 33, 34 Olmsted County, MN, is an excellent setting to conduct a population-based epidemiological study because medical care is virtually self-contained within the community. The Rochester Epidemiology Project 35 has been continuously funded and maintained since 1960 and each patient is assigned a unique identifier. All clinical diagnoses are electronically indexed, and information from every episode of care is contained within detailed patient-based medical records.
Study Subjects
The institutional review boards at both Mayo Clinic and Olmsted Medical Center approved the study protocol. The details of the study subjects have been previously reported. 36 -38 Briefly, study subjects were 323 healthy children aged 12-18 years who participated in a previous study and were recruited from Olmsted County, MN, using a population-based stratified sampling by age and gender. Exclusion criteria included lack of research authorization for using medical records for research and residency outside Olmsted County, MN.
Dependent Variable
The dependent variable was the frequency (i.e., incidence) of tympanostomy tube placement including multiple episodes during the first 18 years of life. The entire medical record for each subject was reviewed to collect data on any episodes of tympanostomy tube placement. We used tympanostomy tube placement as a surrogate marker for either persistent or recurrent otitis media during childhood.
Independent Variable
The independent variables were asthma status and other atopic conditions, including atopic dermatitis and allergic rhinitis. Asthma status was ascertained by predetermined criteria (Table 1) . Through review of the entire medical record, study subjects were considered to have definite or probable asthma. Ascertainment of asthma status was completed in a previous study 38 ; therefore, it was independent of data collection for outcome measure-tympanostomy tube placement. Because most subjects in a previous study with probable asthma by the criteria became definite asthmatic patients over time, both definite and probable asthmatic patients were considered asthmatic in this study. 39 The index date of asthma was defined as time when one met the criteria for asthma. We also collected the diagnosis date of asthma when a physician diagnosis of asthma was documented in medical records. The definitions of atopic dermatitis or allergic rhinitis were based on a physician diagnosis of atopic dermatitis or eczema and allergic rhinitis or hay fever documented in medical records.
Data Analysis
The primary outcome measure was the incidence of tympanostomy tube placement that we analyzed three different ways in relation to timing of atopic conditions: (1) comparison of subsequent incidence of all tympanostomy tube placements between children with and without atopic conditions (i.e., atopic conditions before the first episode of tympanostomy tube placement), (2) comparison of the incidence of all tympanostomy tube placements between children with atopic conditions ever and those without such conditions during the first 18 years of life or last follow-up date (whichever came first), and (3) comparison of the incidence of all tympanostomy tube placements between children with atopic conditions ever and those without such conditions during the first 12 years of life only when tympanostomy tube placement occurred. The incidence rates of tympanostomy tube placement were calculated by dividing the number of tympanostomy tube placements by the total person-years based on the follow-up duration from the first clinic registration date to the last follow-up date or an end point of interest (whichever came first) as described previously.
The incidence rates of tympanostomy tube placement were assumed to follow the Poisson distribution; thus, we fitted data to a Poisson regression model to calculate risk ratios (RRs) adjusting for pertinent covariates and confounders. A univariate Poisson regression was fit to identify factors associated with tympanostomy tube placement. A multivariate Poisson regression was then fit to determine the independent impact of asthma status and other atopic conditions controlling for pertinent covariates. In addition, to assess the potential detection bias (i.e., parents of asthmatic patients might be more likely to seek medical care for ear infections and tube placement than those without asthma), we compared the incidence of tube placement before and after a physician diagnosis of asthma.
RESULTS
Study Subjects
Of the initial 323 subjects, 3 subjects were excluded due to lack of parental authorization for records research. Of the remaining 320 subjects, 170 (53%) were boys, 268 (94%) were white, 124 (39%) were asthmatic patients, and 20 (6%) had tympanostomy tube placement. The mean age at first tympanostomy tube placement in the cohort was 4.16 (SD, 2.78 years) years. Among asthmatic and nonasthmatic children, the mean ages at first tympanostomy tube placement were 4.98 (SD, 3.09 years) years and 3.33 (SD, 2.29 years) years, respectively. Characteristics of study subjects are summarized in Table 2 .
Asthma and Tympanostomy Tube Placement
The results on the association between atopic conditions and tympanostomy tube placement are summarized in Table 2 . Children with asthma were more likely to have tympanostomy tube placement compared with those without asthma (RR,19.3; 95% confidence interval [CI], 11.4 -32.8; p Ͻ 0.001). When we assessed the incidence rates of tympanostomy tube placement without regard to index date of asthma during the first 18 years of life, asthmatic patients had a trend toward a higher incidence of tympanostomy tube placement when compared with nonasthmatic patients (6.69 versus 4.36 per 1000 person-years, respectively; RR, 1.53; 95% CI, 0.93-2.53; p ϭ 0.095). Similar trends were observed when we limited analysis to the first 12 years of life only when tympanostomy tube placement occurred (10.88 versus 7.32 per 1000 person-years, respectively), but the results did not reach statistical significance (RR, 1.49; 95% CI, 0.88 -2.50; p ϭ 0.136).
Other Atopic Conditions and Tympanostomy Tube Placement
Children with atopic dermatitis and/or allergic rhinitis were more likely to have tympanostomy tube placement compared with those without such conditions (RR,19.3; 95% CI, 11.4 -32.8; p Ͻ 0.001). The incidence rates of tympanostomy tube placement in children with and without a history of physician diagnosis of atopic dermatitis and allergic rhinitis were 7.34 and 4.66 per 1000 person-years, respectively (RR, 1.70; 95% CI, 1.01-2.86; p ϭ 0.0460). Individuals with atopic dermatitis or allergic rhinitis in the first 12 years of life had a significantly increased incidence of tympanostomy tube placement compared with nonatopic individuals (13.39 versus 7.32 per 1000 person-years, respectively; RR, 1.97; 95% C,: 1.15-3.38; p ϭ 0.014). When we analyzed separately between atopic dermatitis and allergic rhinitis, atopic dermatitis did not influence risk of otitis media but allergic rhinitis increased risk of tympanostomy tube placement compared with those without allergic rhinitis.
Tympanostomy Tube Placement before and after a Physician Diagnosis of Asthma
To assess potential detection bias, the incidence rate of tympanostomy tube placement was determined before and after a physician diagnosis of asthma. The results are summarized in Table 3 . There was no difference in the incidence of tympanostomy tube placement before and after a physician diagnosis of asthma Table 4 ). In addition, this observation was true for the incidence of tympanostomy tube placement before and after the index date of asthma.
DISCUSSION
More than one million tympanostomy tube placement procedures take place per year in North America for children with recurrent or chronic otitis media, and about 7% of children in the United States undergo this procedure during early childhood. 39 Similarly, in our study ϳ6% of children had undergone tympanostomy tube placement. Thus, given the significant number of children affected by atopic conditions in the United CI ϭ confidence interval; TS ϭ tympanostomy; RR ϭ risk ratio.
States, assessing atopic conditions as a risk factor for frequent and persistent ear infections is worthwhile. In our study, children with asthma had a higher incidence rate of tympanostomy tube placement compared with those without asthma. This was also true for those with allergic rhinitis. This association could be caused by a detection bias because parents of children with asthma might be more likely to seek medical evaluations for upper respiratory infections than those without asthma. However, this association did not change before and after a physician diagnosis of asthma, suggesting a physician diagnosis did not seem to influence this association. In addition, we previously reported similar health care use between asthmatic and nonasthmatic patients and no differences in risk of outcome events between asthmatic patients with and without a physician diagnosis of asthma in our study setting. 40 -42 In support of our study findings, the literature suggests a potential association between atopic conditions and risk of otitis media. A cross-sectional study by Eldeirawi et al. using data from Ͼ7000 children between 2 and 11 years of age found that the lifetime prevalence of asthma was significantly associated with increased risk of otitis media.
14 Also, Bentdal et al. reported a significant cross-sectional association between allergic diseases and atopic diseases, especially asthma, among 2,600 children aged 10 years in Oslo. 22 Moreover, using data from the International Study of Asthma and Allergies in Childhood, Chen et al. found a significantly higher prevalence of infectious diseases including otitis media in children with asthma, allergic rhinitis, or atopic dermatitis. 24 The biological mechanisms underlying this association between atopic disease and otitis media are unknown. We can postulate a few plausible mechanisms at both the structural and the functional levels. At a structural level, perhaps children with asthma or allergic rhinitis might be more likely to have allergic inflammation on upper respiratory tract, which might result in Eustachian tube dysfunction leading to otitis media. 43 At a functional level, recent studies suggest a potential role of bacterial infections in development of asthma or bronchial hyperresponsiveness 44, 45 and the benefit from antibiotic treatment for asthma symptoms or bronchial reactivity. 45, 46 Our study results might not exclude this possibility of reverse causality (i.e., microbial infections or colonization might provoke airway symptoms and development of asthma).
However, given the reported increased risk of serious pneumococcal disease in atopics 8, 9 and impaired innate [47] [48] [49] [50] and adaptive immune functions, [51] [52] [53] [54] we believe that patients with atopic conditions might be intrinsically susceptible to microbial infections or colonization due to impaired immune functions because microbial infections or colonization are unlikely to impair immune functions. Specific to pneumococcal immune functions in individuals with atopy, we recently reported a lower anti-pneumococcal polysaccharide antibody levels in asthmatic patients compared with nonasthmatic patients. 55 Therefore, with the reported impairment in other innate and adaptive immune functions, the increased risk of otitis media, which is primarily caused by pneumococci, among children with asthma might be immunologically plausible.
One noteworthy finding of our study is the absence of a significant difference in the risk of recurrent or persistent otitis media (tympanostomy tube placement) before and after the index date of asthma. These results may potentially suggest that immunogenetic predisposition to asthma alone might be an important risk factor for recurrent or persistent otitis media. We reported similar findings on the increased risk of Streptococcus pyogenes infection before the onset of clinically defined asthma or other atopic conditions among children with asthma or other atopic conditions. 42, 56 Therefore, we postulate that susceptibility to microbial infections in individuals with atopic conditions is likely to be associated with the immunologic underpinnings of atopic conditions, and susceptibility to microbial infections and atopic status might be different outcomes of the same underlying biological factor. One example of such a biological factor associated with risk of atopic dermatitis and increased risk of skin infections is filaggrin, a crucial antimicrobial peptide in skin barrier. 57, 58 Recent studies suggest that filaggrin mutations, indeed, affect risks of asthma and allergic rhinitis as well. 57, 59, 60 Thus, atopic patients with increased risk of microbial infections could be a phenotypic characteristic of filaggrin mutations and our study findings potentially support this notion.
The strengths of our study include study design as a cohort study, epidemiological advantages of study setting (self-contained health care environment with a unified medical record system for research), and predetermined criteria for asthma and actual incidence of events (tympanostomy tube placement as a marker for frequent and persistent ear infections) instead of selfreport. However, our study has inherent limitations as a retrospective study. There were a significant number of missing data points for certain variables limiting our ability to adjust our study results for, but missing data points are likely to be subject to nondifferential misclassification. Along these lines, some pertinent variables were not available (e.g., allergic sensitization status or crowdedness in household). Our study was based on a small sample size. In addition, given the higher proportion of white population and people working in health care industry in our study setting, whether our study findings are generalizable to other settings needs to be interpreted carefully. For example, whether referral processes for tympanostomy tube placement or ear, nose, and throat practices in Olmsted County, MN, might differ from other settings is unknown and was not addressed. In addition, asthma prevalence in our study was relatively high because of the inclusive nature of asthma criteria and overrepresentation of children with asthma in our study subjects who participated in a previous vaccine study. How-ever, underdetection or diagnosis of asthma has been also suggested. For example, Bisgaard and Szefler reported that of the 9,490 children from the United States and Europe, 32% of children were reported to suffer from recurrent symptoms of cough, wheeze, or breathlessness but they were not properly diagnosed and treated for asthma. 61 Our study results need to be interpreted in these contexts.
In conclusion, asthma or allergic rhinitis may be unrecognized risk factors for recurrent or persistent otitis media. Immunogenetic predisposition to asthma itself might be a risk factor for recurrent and persistent otitis media. However, given the small sample size of the study, a cohort study with a larger sample size is necessary.
